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© Apparatus for measuring the distribution of the size of diffraction-scattering type particles. 



© The invention relates to an apparatus for mea- 
suring a distribution of the size of diffraction-scatter- 
ing type particles (6), in which a liquid containing 
said particles (6) and flowing through an inside of a 
sample cell (2) having a square-sectioned external 
form is irradiated with a coherent light (1) to monitor 
an intensity pattern of a light diffracted-scattered by 
said particles (6) by means of an optical detector, 
whereby measuring said distribution of the particle 
size. 

At least one part (10) of an outer surface (2b) on the 
radiating side of the sample cell (2) is bereled. 
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Field of the Invention 

The present invention relates to an apparatus 
as claimed in the preamble of claim 1 for measur- 
ing a distribution of the size of diffraction-scattering 
type particles. 

Description of the Prior Art 

Fig. 4 shows main parts in a conventional gen- 
eral apparatus for measuring a distribution of the 
size of diffraction-scattering type particles. Refer- 
ring to Rg. 4, reference numeral 1 designates a 
laser beam emitted from a laser device (not 
shown), reference numeral 2* designates a square 
cylindrical sample cell having a square sectioned 
external form and an internal space 2a' which is 
continuously supplied with a sample liquid from an 
ultrasonic diffusion bath (not shown) by means of a 
circulating pump (not shown), reference numeral 3 
designates a condenser lens for collecting a light 
which has transmitted through said sample cell 2\ 
and a light, which has been scattered (diffracted) 
by particles contained in said sample liquid within 
the sample cell, and reference numeral 4 des- 
ignates a detector formed of, for example, a silicon 
photodiode for detecting a light from said con- 
denser lens 3. 

In the above described apparatus for measur- 
ing a distribution of particle size, upon applying 
said laser beam 1 to the sample cell 2' under the 
condition that said internal space 2a 1 of the sample 
cell 2' is continuously supplied with the sample 
liquid, a part of the laser beam 1 is applied to said 
particles in the sample liquid within the sample cell 
2' to be turned into a scattered (diffracted) light 5, 
whereby arriving at said detector 4 through the 
condenser lens 3. 

However, in the apparatus for measuring a 
distribution of particle size having the above de- 
scribed construction, as shown in Fig. 5(A), (B), in 
the case where an angle <£i between said light 5 
scattered by the particles 6 and an outer surface 
2b* of the sample cell 2 is large, that is a scattering 
angle 6i from the particles 6 is smaJl (for example 
01 < about 50* in the case where a dispersion 
medium is water), the scattered light 5 arrives at 
the detector 4 through the sample cell 2\ But in 
the case where an angle fa between the scattered 
light 5' and said outer surface 2b* of the sample 
cell 2 is small, that is a scattering angle H from the 
particles 6 is large (0i ^ about 50° in the case 
where a dispersion medium is water similarly), the 
scattered light 5' is totally reflected by Jfce out^r 
surface^^oXjthe^^mj3le_ ^ll 2 without transm it- 
tjng^thr^gh the_saj^le_c^J_2\ In general, the 
smaller the particle size is, the larger the scattering 
angle e is, so that, with the conventional apparatus 
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for measuring a distribution of the size of 
diffraction-scattering type particles, sizes of par- 
ticles having reduced diameters are difficult to 
measure and thus the measurement of a distribu- 
5 tion of particle size over a wide range is impos- 
sible. 

SUMMARY OF THE INVENTION 

10 The present invention has been achieved pay- 

ing attention to the above described matters and it 
is an object thereof to provide an apparatus having 
a relatively simple construction for measuring a 
distribution of the size of diffraction-scattering type 

75 particles capable of measuring also with high accu- 
racy a size of particles having a reduced diameter 
in order to obtain a distribution of the particle size 
over a wide range. 

In order to achieve the above described object, 

20 at least one part of an outer surface on the radiat- 
ing side of said sample cell is beveled in order to 
avoid total reflection for such diffracted-scattered 
light on said radiating side having a large diffraction 
scatter ing angle. 

25 According to the above described characteris- 

tic construction, the angle between the scattered 
light and the outer surface of the sample cell can 
be substantially increased by beveling a part of the 
outer surface of the sample cell, so that the scat- 

30 tered light, which has been unable to pass through 
the outer surface of sample cell on account of the 
formally reduced angle between the scattered light 
and the outer surface of the sample cell, can now 
be measured and thus the distribution of particle 

35 size of the particles having small diameters to large 
diameters can be measured over a wide range. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 One preferred embodiment of the present in- 

vention is shown in Rg. 1(A), (B) and Rg. 2, in 
which 

Rg. 1(A) is a block diagram showing main parts 

of an apparatus for measuring a distribution of 
45 the size of diffraction-scattering type particles; 

Rg. 1 (B) is a whole perspective view showing a 

sample cell of said apparatus; and 

Fig. 2 is a drawing for describing an operation of 

the sample cell shown in Rg. 1(B). 
so Rg. 3 shows another preferred embodiment of 

the present invention and an operation of a 

sample cell. 

Rg. 4 and 5 is a drawing for describing the prior 
art, respectively. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 
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Preferred embodiments of the present inven- 
tion will be described below with reference to the 
drawings. 

One preferred embodiment of the present in- 
vention is sho/vn in Figs. 1(A), (B) and Fig. 2. 
Referring to Fig. 1(A), reference numeral 7 des- 
ignates a laser device for emitting a laser beam 1 , 
reference numeral 8 designates a beam expander 
for suitably magnifying said laser beam, reference 
numeral 2 designates a sample cell communicated- 
ly connected with an ultrasonic dispersion bath (not 
shown) through a piping 9 and continuously sup- 
plied with a samp.e liquid by means of a circulating 
pump (not shown), and reference numerals 4, 4* 
designates detectors each formed of, for example, 
a silicon photodiode for detecting a light which has 
passed through said sample cell 2 and has been 
diffracted-scattered by the particles in the sample. 

The sample cell 2 according to the present 
invention is greatly different from the conventional 
cell 2' in that the sample cell 2 is provided with a 
beveled portion 10 formed on an outer surface 2b 
on the radiating side thereof, as shown in Fig. 1 (B). 

A construction and an operation of the sample 
cell 2 are below described with reference to also 
Fig. 2. The sample cell 2 is made of a material, 
such as glass (for example quartz and BK-7 glass), 
superior in light-transmissivity and an external form 
and an intenal space 2a of a light-transmissive 
portion have £ square section. 

Said beveled portion 10 is formed in one edge 
portion of said outer surface 2b on the radiating 
side (light output side) of the sample cell 2 to 
substantially increase an angle between a scattered 
light h f and the beveled portion 10 in order to take 
said scattered light 5 ? out of the sample cell 2, 
whereby detecting the scattered light 5' by means 
of said deteccur 4', as above described, in addition, 
a scattered light 5 having a small scattering angle, 
which has passed through the outer surface 2b of 
the sample cell 2 which is not beveled, is detected 
by means of said separately provided detector 4. 
Alternately, both said scattered light 5 and the 
scattered light 5' may be detected by means of 
only one detector 4 by providing a collecting lens 
behind the sample cell 2. 

Fig. 3 shows another preferred embodiment of 
the present invention. A sample cell 2 is provided 
with a beveled portion 11 formed in an edge por- 
tion opposite to that in the above described pre- 
ferred embodiment of an outer surface 2b on the 
radiating side thereof and a detector 4' is provided 
in said beveled portion 11 to detect a scattered 
light 5'. In addition, a scattered light 5 is detected 
by means of a detector 4 provided in the same 
manner as in the above described preferred em- 
bodiment. 

Said angles of said beveled portions 10, 11 



described in the present preferred embodiments 
are differently set depending upon the material and 
size of the sample cell, the refractive index of the 
dispersion medium and the like, so that they may 

5 be suitably and optionally selected. In addition, the 
beveled portion is not limited by the flat surface as 
in the above described preferred embodiment, that 
is it may also be a curved surface. 

As above described, according to the present 

10 invention, the distribution of the size of particles 
having small diameters to large diameters can be 
measured over a wide range by such the simple 
device because of the beveled portion in a part of 
the outer surface of the sample cell. 

75 

Claims 

1. An apparatus for measuring a distribution of 
the size of diffraction-scattering type particles 

20 (6), in which a liquid containing said particles 

(6) and flowing through an inside of a sample 
cell (2) having a square-sectioned external 
form is irradiated with a coherent light (1) to 
monitor an intensity pattern of a light 

25 diffracted-scattered by said particles (6) by 

means of an optical detector, whereby measur- 
ing said distribution of the particle size, char- 
acterized in that at lest one part (10, 11) of 
an outer surface (2b) on the radiating side of 

30 said sample cell (2) is beveled in order to 

avoid total reflection for such diffracted-scat- 
tered light (5') on said radiating side having a 
large diffraction-scattering angle. 

35 2. The apparatus as claimed in claim 1, char- 
acterized in that the beveled part (10, 11) of 
the sample cell (2) has a flat surface. 

3. The apparatus as claimed in claim 1, char- 
40 acterized in that the beveled part (10, 11) of 

the sample cell (2) has a curved surface. 

4. The apparatus as claimed in one of the claims 
1 to 3, characterized in that separate detec- 
ts tors (4, 4*) are provided for detecting a light (5, 

5') diffracted-scattered under a small/large 
diffraction-scattering angle. 

5. The apparatus as claimed in one of the claims 
50 1 to 3, characterized In that the light (5, 5*) 

diffracted-scattered under small and large 
diffraction-scattering angles is detected by 
means of merely one detector, and in that a 
collecting lens is provided between said detec- 
55 tor and the sample cell (2). 

6. The apparatus as claimed in claim 4, char- 
acterized in that the detectors (4, 4 f ) for 
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detecting the diffracted-scattered light (5, 5') 
having small/large diffraction-scattering angles 
are positioned on the same side of the coher- 
ent input light beam (1). 

5 

7. The apparatus as claimed in claim 4, char- 
acterized in that the detectors (4, 4') for 
detecting the diffracted-scattered light (5, 5') 
having small/ large diffraction-scattering angles 
are positioned on different sides of the coher- w 
ent input light beam (1). 
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